Acute renal insufficiency developed in four idiopathic nephrotic patients with minimal change or mild proliferative glomeruionephritis. The reduction in glomerular filtration rate (Qnuiin) was not m Proportion to the renal plasma flow (CPAH) as evidenced by a low filtration fraction. Diuretic therapy failed to reverse renal insufficiency, and renal biopsy showed no evidence of interstitial nephritis, acute tubular necrosis or interstitial edema. Corticosteroid therapy induced a recovery of renal function with a decrease in proteinuria. These observations suggest that acute renal insufficiency in the idiopathic nephrotic syndrome might be caused by impaired glomerular permeability. (Internal Medicine 32: 31-35, 1993) 
Introduction
Acute renal insufficiency is a well recognized complication in idiopathic nephrotic syndrome with minor glomerular abnormality.
Usually, the deterioration of renal function is moderate and renal insufficiency is reversible, although hemodialysis is required (1-3) and renal insufficiency is irreversible in some cases (4) . Several possible mechanisms for acute renal insufficiency in the nephrotic syndrome include hypovolemia (5) , alterations in intrarenal hemodynamics (6) , renal vein thrombosis (7), drug-induced interstitial nephritis (8) , ischemic acute tubular necrosis (9, 10) and tubular obstruction by proteinaceous casts (ll) . Lowenstein et al (12) has postulated that the reduced glomerular filtration rate is associated with renal interstitial edema. Increased hydrostatic pressure in the proximal tubule and Bowman's space might be the major factor in this renal insufficiency (3 , 12-14) . Furthermore, Robson et al (15) suggested that the decreased permeability of the glomerular basement membranehas an important role in the pathogenesis of the decreased glomerular filtration rate in minimal change nephrotic syndrome.
Recently, we treated four cases of acute renal insufficiency in idiopathic nephrotic syndrome with minimal or mild glomerular abnormality, and investigated the factors responsible for the impairment of renal function.
Patients and Methods
Four patients (all male, age range 19-57 years old) who developed azotemia during the course of nephrotic syndrome were studied. All of the patients had severe proteinuria -(more than 10g/day) associated with hypoalbuminemia (less than 2.0 g/dl). Characteristics of the patients are listed in Table 1 . ( Table 3 ). Intravenous administrations of human albumin failed to improve the hypoproteinemia and azotemia (Table 4) .
Renal clearance studies during azotemia (Table 5) The glomerular filtration rate and effective renal plasma flow were measured in three patients, whenthe patients had azotemia. The glomerular filtration rate, measured by inulin clearance (Clnuiin), and the effective renal plasma flow, measured by PAHclearance (CPAH), were moderately decreased. Filtration fractions, defined as Clnulin/CPAH, were remarkably low ranging from 0.07 to 0.14. Plasma renin activity was suppressed in two cases and plasma aldosterone concentration was low in all cases. Other humoral factors which might regulate glomerular filtration, such as epinephrine, norepinephrine, endothelin, were not measured in the present study. 
Effects of prednisolone
In alt patients, the serum creatinine concentration began to decrease within a week after prednisolone administration, and returned to normal level within 4 weeks. Body weight increased transiently in three cases shortly after the start of prednisolone, but then decreased gradually to a level lower than the pre-prednisolone treatment period. No significant change in the kidney size was associated with the decreases in plasma creatinine levels. Improvementof renal function was associated with the decrement of proteinuria.
Renal pathology
Light microscopic studies revealed no glomerular abnormality in one case and mild mesangial proliferation in the other 3 cases. There was little interstitial cellular infiltration, and mild interstitial edema was noted in only one patient. Tubular obstruction by protein or other casts was not observed in any of the samples. Tubular necrosis and mitosis were not shownin any biopsy samples.
Immunofluorescent studies were negative for immunoglobulins (Ig G, Ig A and Ig M) and complements (C3, C4 and Clq) in all patients. Electron microscopic studies only revealed a fusion of the foot process with absence of electron dense deposits in all patients.
Discussion
This study demonstrated that acute renal insufficiency in nephrotic syndrome with minimal change or mild proliferative glomerulonephritis was reversed by prednisolone treatment shortly after the start of the administration.
Prednisolone might have eliminated the factor(s) responsible for the impaired renal function. A numberof mechanismsthat might lead to acute renal insufficiency in the idiopathic nephrotic syndrome have been considered. Hypovolemiacould be a factor that induces a reduction in the glomerular filtration rate in patients with nephrotic syndrome (5). Indeed in the present patients, diuretics-induced body weight loss was associated with the rise in the levels of serum creatinine and blood urea nitrogen. It is unlikely, however, that prednisolone improved the renal function through the correction of intravascular volume depletion. Prednisolone administration induced a significant diuresis and body weight loss. In consideration of the changes in body weight and serum creatinine, the decrease in serum creatinine appears associated with the body weight loss. Furthermore, these patients had little evidence of any intravascular volume depletion when assessed by hematocrit or plasma renin activity.
Drug-induced interstitial nephritis (8), acute tubular necrosis (9, 10), tubular obstruction by casts (ll) and renal vein thrombosis (7) are also knownto induce acute renal insufficiency in the minimal change nephrotic syndrome. Renal biopsy specimens, however, did not reveal interstitial cell infiltration, acute tubular necrosis, or tubular obstruction by casts. In addition, none of the present patients developed sudden onset of abdominal and/or flank pain, hematuria and kidney swelling, all of which suggest the occurrence of renal vein thrombosis. These patients had little evidence of systemic hypotension or hypertension, and the decrement of effective renal plasma flow was moderate. These findings indicated that renal hemodynamic change, which is known to induce acute renal insufficiency, did not play an important role in the deterioration of the renal function in our patients.
Recently, Lowenstein et al (12) documented that recovery from acute renal insufficiency occurs in association with diuretic therapy in the minimal change nephrotic syndrome, and postulated that the glomerular filtration rate is reduced secondarily to the increased intrarenal pressure resulting from interstitial edema. The forced diuresis by diuretics alone, however, did not improve the renal function in all our patients, rather it increased the serum creatinine. In addition, the prednisolone-induced decrease in serum creatinine was associated with a transient increase in body weight in all patients. Furthermore, the improvement of renal function was not associated with the decrease in kidney size. It seems unlikely, therefore, that renal interstitial edema was a major factor in the pathogenesis of the acute renal insufficiency in the nephrotic syndrome in the present patients. Lowenstein et al (12) used corticosteroid with diuretics in most of their patients when they induced diuresis. Thus, it is possible that corticosteroid might have played an important role in the improvementof the renal function in their cases. Dorhout Mees et al (17) demonstrated that the filtration fraction is low in the minimal change nephrotic syndrome, and that prednisolone therapy provokes an increase in the filtration fraction. Robson et al (15) demonstrated that the clearance of polyvinyl pyrrolidone (PVP) molecules smaller than 40 A and inulin was decreased in children with minimal change nephrotic syndrome, and these changes were reversed by prednisolone therapy. They proposed that the glomerular filtration of inulin molecules might be restricted at the glomerular basement membrane. These observations suggested that impaired glomerular permeability to low molecular weight substances might be an important factor involved in the low glomerular filtration rate in nephrotic syndrome. The fact that massive albuminuria appears despite the impaired glomerular permeability suggests a loss of charge selective barrier in minimal change nephrotic syndrome (18) . In the present study, the glomerular filtration rate (Cinulin) was reduced unproportionally to the reduction of renal plasma flow (CPAH) as evidenced by the markedly low filtration fraction.
In addition, the prednisolone therapy resulted in the improvement of renal function associated with the reduction of proteinuria.
These findings suggest that the impaired glomerular permeability might be a major factor in the pathogenesis of reversible acute renal insufficiency in the present nephrotic patients, and prednisolone therapy improved the renal function through the reverse of impaired glomerular permeability.
